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GAS-DISCHARGE LAMP INCLUDING A 
FAULT PROTECTION CIRCUIT 

RELATED APPLICATION 

This application claims priority to U.S. Provisional Patent Application No. 
60/208,693, entitled GROUND FAULT AND OVER VOLTAGE FAULT SHUTDOWN 
CIRCUIT FOR NEON POWER SUPPLIES, filed June 1 3 2000. 

5 BACKGROUND OF THE INVENTION 

The invention relates to a gas-discharge lamp including a fault protection circuit, 
and particularly to a gas-discharge lamp including a combination overvoltage-protection- 
and-ground-fault-interrupt circuit. 

Safety agencies such as UL, CSA, and CE require output ground fault protection 
10 on electronic power supplies for neon signs and other gas discharge lamp applications. A 
ground-fault-interrupt circuit interrupts or deactivates the power supply in the event of a 
ground fault occurrence. In addition, these agencies set limits on the maximum output 
voltage that may be produced by the power supply. An overvoltage-protection circuit 
interrupts or deactivates the power supply in the event of an overvoltage condition. In 
15 order to prevent nuisance tripping and to ensure the fault trip occurs when the limiting 
value of ground fault current or output voltage is reached, it is desirable to make these 
circuits as accurate as possible. However, due to the competitive nature of the gas- 
discharge lamp market, these circuits should be as inexpensive as possible. Thus, it would 
be beneficial to have a sensitive and inexpensive circuit for detecting both a ground-fault 
20 condition and an overvoltage condition. 

SUMMARY OF THE INVENTION 

Accordingly, in one embodiment, the invention provides a gas discharge lamp 
including a power supply connectable to a load (e.g., one or more gas-discharge tubes), 
and an overvoltage-protection-and-groxmd-fault-interrupt (OVP/GFI) circuit 
25 interconnected with the power supply. The OVP/GFI circuit includes an overvoltage- 
protection (OVP) sub-circuit that deactivates the power supply when an overvoltage 
condition is detected, and a ground-fault-interrapt (GFI) sub-circuit that deactivates the 

nnwpr cimnlv when n ornnnd -fault rvwulltinm is r\e*t&cte>A 
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In a second embodiment, the invention provides a gas-discharge lamp including a 
power supply having a secondary winding connectable to a load, and an overvoltage- 
protection-and-ground-fault-interrupt (OVP/GFI) circuit interconnected with the power 
supply. The OVP/GFI circuit includes an overvoltage-condition-and-ground-fault- 
5 condition (OC/GFC) sensor that is operable to sense both an overvoltage condition being 
created by the power supply and a ground-fault condition being created in the secondary 
winding. The OC/GFC sensor is further operable to generate a fault signal when either 
condition occurs. The OVP/GFI circuit further includes a shut-down device 
interconnected with the OC/GFC sensor. The shut-down device deactivates the power 
10 supply from supplying power to the load upon receiving the fault signal. 

Using one sensor or one circuit to sense a ground-fault condition or an overvoltage 
condition in a gas-discharge power supply helps to eliminate redundant components of 
separate ground-fault-interrupt and overvoltage protection sensors or circuits. This results 
in a reduction of overall cost in the sensor or circuit. Other features and advantages of the 
1 5 invention will become apparent to those skilled in the art upon review of the following 
detailed description, claims, and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a combination block and electrical schematic of a gas-discharge lamp of 
the invention including an OVP/GFI circuit. 

20 Fig. 2 is a combination block and electrical schematic of the gas-discharge lamp of 

Fig. 1 with the current sensor of the OVP/GFI circuit removed. 

Fig. 3 is a combination block and electrical schematic of the gas-discharge lamp of 
Fig. 1 with the voltage sensor of the OVP/GFI circuit removed. 

Fig. 4 is an electrical schematic of a circuit including a voltage-doubler rectifier. 

25 Fig. 5 is an electrical schematic of a circuit including a dual voltage-doubler 

rectifier electrically connected with two separate AC input sources. 

Fig. 6 is a schematic of two AC waveforms applied to the circuit shown in Fig. 5. 
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Before any embodiments of the invention are explained in full detail, it is to be 
understood that the invention is not limited in its application to the details of construction 
and the arrangement of components set forth in the following description or illustrated in 
the following drawings. The invention is capable of other embodiments and of being 
5 practiced or of being carried out in various ways. Also, it is to be understood that the 
phraseology and terminology used herein is for the purpose of description and should not 
be regarded as limiting. The use of "including," "comprising," or "having" and variations 
thereof herein is meant to encompass the items listed thereafter and equivalents thereof as 
well as additional items. 

10 DETAILED DESCRIPTION 

A gas discharge lamp 100 of the invention is schematically shown in Fig. 1 . 
Although the description herein is for a neon gas discharge lamp, other gas-discharge 
lamps or gas-discharge signs may be used with the invention. The gas discharge lamp 100 
of the invention generally includes a power supply 105, a load 110, and a combination 
1 5 overvoltage~protection-and-ground-fault-interrupt (GFI/OVP) circuit 115. 

As shown in Fig. 1, the power supply 105 includes a terminal 117 that connects to 
a power source. The power source may be a 120 volt, alternating current (VAC) power 
source or a 240 VAC power source. The AC voltage from the power source is provided to 
a rectifier/doubler circuit 120, which is well known in the art. The AC voltage from the 
20 power source is rectified and doubled (if a 120 VAC source) to form a high-voltage rail 
125 (e.g., 340 VDC), an intermediate-voltage rail 130 (e.g., 170 VDC), and a low-voltage 
rail 135 (e.g., 0 VDC). Although a rectifier/doubler circuit 120 is shown, for 240 VAC 
applications, only a bridge rectifier is required. Further, the voltages of the high-voltage, 
intermediate-voltage, and low-voltage rails 125, 130 and 135 may vary. 

25 A logic power supply 140 is electrically interconnected to the high-voltage rail 125 

and creates a bias voltage 142 (e.g., 15 VDC) for powering logic components. The logic 
components include a MOSFET driver and timing logic circuit 145 for driving first and 
second MOSFETs 150 and 155. The logic supply 140 is a high impedance bias supply, 
may be a charge pump, and may contain large dropping resistors. The first and second 

30 MOSFETs 150 and 155 are connected in a half H-bridge configuration (also referred to as 
a power MOSFET half-bridge circuit 160). The first MOSFET 150 is connected to the 
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high-voltage rail 125, the bridge center is connected to a primary side 165 of a transformer 
Tl, and the second MOSFET 155 is connected to the low-voltage rail 135 (also referred to 
as circuit common). The other end of the primary winding 165 is connected to a capacitor 
C6, which is connected to the intermediate-voltage rail 130. The capacitor C6 and the 

5 primary winding 165 create an LC resonant circuit. The power MOSFET half-bridge 
circuit 160 drives the transformer Tl with a varying drive signal having a desired output 
frequency. The varying drive signal may be an AC signal or an AG signal with a DC 
offset. Further, the AC signal may be symmetric or asymmetric. All of these signals will 
be collectively referred to herein as an AC signal. The AC drive signal is reflected at a 

10 secondary winding 170, which produces an output AC signal having a desired output 

voltage and frequency. The power supply 105 and its operation are well known to one of 
ordinary skill in the art and may be implemented using discrete circuitry, integrated 
circuitry, and/or a microprocessor and memory. 

The load 110 includes at least one gas-discharge tube interconnected with the 
15 secondary side of the transformer Tl. For the embodiment shown, the load 1 10 is a single 
neon tube driven by the power supply 105 at a desired voltage and a desired frequency. 
The voltage and frequency applied to the load 110 may vary depending on the application. 

The OVP/GFI circuit 115 is electrically interconnected with the power supply 105 
by tapping a winding tap 175 on the secondary winding 170 of transformer Tl, and having 

20 the OVP/GFI circuit 115 include a sense winding 180 mounted on the core of the 

transformer TL In one embodiment, the sense winding 180 is interconnected with the 
secondary winding 170 at the winding tap 175. In the embodiment shown in Fig. 1, the 
OVP/GFI circuit 1 15 includes a pair of winding taps 175 and 185 on the secondary 
winding 170, where the sense winding 180 creates a sub-winding. The sub-winding is 

25 located at the center of the secondary, and is composed of fewer turns than the entire 

secondary winding. For example, the secondary winding may be 4000 turns, and the sense 
winding may be 20 turns. The winding tap 175 and the sense winding 180 allow the 
OVP/GFI circuit 1 15 to sense either an overvoltage fault condition, or a ground-fault 
condition. As used herein, an overvoltage condition occurs when anlBnormal voltage 

30 higher than the normal service voltage is supplied to the load 1 10, and a ground-fault 

condition occurs when a potentially dangerous current path unexpectedly exists from the 
secondary winding to earth ground. 
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The OVP/GFI circuit 115 includes a voltage sensor 185 (best shown in Fig. 2), a 
current sensor 190 (best shown in Fig. 3), a storage device 195 (e.g., capacitors CI and C2, 
Fig. 1) and a shut-down device 200 (Fig. 1). Fig. 1 shows one embodiment of the 
OVP/GFI circuit 115, Fig. 2 shows the OVP/GFI circuit with the current sensor 190 
5 removed, and Fig. 3 shows the OVP/GFI circuit with the voltage sensor 185 removed. 
The voltage sensor 185, the storage device 195 and the shut-down device 200 form an 
overvoltage-protection sub-circuit, and the current sensor 190, the storage device 195 and 
the shut-down device 200 form a ground-fault interrupt sub-circuit. 

In general, the voltage sensor 185 generates a second voltage or signal having a 
10 relationship to a first voltage or signal supplied to the load 1 10 by the power supply 105. 
The second voltage includes a first positive peak voltage and a first negative peak voltage. 
The current sensor 190 generates a third voltage or signal having a relationship to the 
current being produced during a ground-fault condition. The third voltage includes a 
second positive peak voltage and a second negative peak voltage. The storage device 195 
15 stores a fourth voltage, which is the combination of the larger of the first and second 

positive peak voltages and the first and second negative peak voltages. The storing of the 
voltages is discussed in more detail below with respect to Figs. 4-6. The shut-down device 
200 deactivates the power supply when the fourth voltage is larger than a predetermined 
voltage signifying a fault condition (e.g., an overvoltage condition or a ground-fault 
20 condition). 

As shown in Figs. 1 and 2, the voltage sensor includes sense winding 180, resistors 
Rl and R2, and diodes Dl and D4. The voltage developed across the sense winding 180 is 
proportional to the voltage on the entire secondary winding 170. Resistors Rl and R2 
form a voltage divider to attenuate the voltage signal from the sense winding 180 to a 
25 point where the desired voltage is developed at the fault trip point. Positive voltage 

signals on line SI (with respect to line S2) flow through diode Dl to charge capacitor CI. 
Negative voltage signals on SI (with respect to S2) flow through diode D4 to charge 
capacitor C2. 

As shown in Figs. 1 and 3, the current sensor 190 includes resistors R3 and R4, 
30 capacitor C5 and diodes D2 and D3. If a secondary ground fault current occurs, it flows 
out of the secondary winding at sense line S2, through resistor R3, and to earth ground. 
The passing current through R3 develops a voltage proportional to the ground fault current 
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level. The positive voltage (at the bottom of R3 with respect to the top of R3) passes 
through resistor R4, through diode D2, and is used to charge CI . The negative voltage 
passes through R4 and diode D3, and is used to charge C2. 

As shown in Figs. 1-3, the storage device 195 includes capacitors CI and C2. 
5 Other storage devices are possible including using a capacitor bank in replace of capacitors 
CI or C2. Capacitors CI and C2, along with resistors Rl and R2 (for OVP) and resistors 
R3 and R4 (for GFI) also filter the incoming fault signals to help prevent nuisance fault 
tripping due to noise. 

The shut-down device (Figs. 1-3) 200 includes resistors R5, R6, R7, R8, R9 and 
10 R10, capacitors C3 and C4, diac D5, opto-transistor OPTOl, and transistor Ql. The shut- 
down device is electrically interconnected with the storage device 195 and deactivates or 
interrupts the power supply 105 when either an overvoltage condition or ground-fault 
condition occurs. Resistors R5 and R6 provide a slow discharge path for capacitors CI 
and C2 of the storage device 190. "When the sum of the voltages across capacitors CI and 
15 C2 exceeds the breakdown voltage of diac D5 and the forward drop of the LED in opto- 
transistor OPTOl, the diac suddenly snaps from a normally non-conduction state to a 
conduction state. The current surge through the LED triggers the transistor within the 
optotransistor OPTOl. Resistor R7 provides a high impedance leakage path around the 
opto-transistor' s LED, to help prevent false fault triggering of optotransistor OPTOl. 

20 Triggering the transistor of the opto-transistor OPTOl allows current flow through 

the transistor, causing the opto-transistor OPTOl to sink current from the base of transistor 
Ql. Sinking current at the base of transistor Ql allows current flow through transistor Ql. 
Transistor Ql then adds current to the base of the opto-transistor OPTOl, and latches the 
shut-down device 200. The opto-transistor OPTOl and transistor Ql enables the fine- 

25 tuning of the sensitivity of the shut-down device 200. Resistor R8 and capacitor C3 

provide noise immunity for the opto-transistor OPTOl, and resistor R10 and capacitor C4 
do the same for Ql . Providing noise immunity prevents transients occurring during power 
up from deactivating the power supply. Although the shut-down device 200 shown 
includes the opto-transistor OPTOl and transistor Ql, other circuitry may be used, 

3 0 including an opto-silicon-controlled rectifier. 
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When the shut-down device 200 latches, it pulls down hard on the bias voltage 142 
to the MOSFET driver and timing logic circuit 140. This effectively shuts down or 
deactivates the power supply 105. Because of the high input impedance of the logic power 
supply 140, the shut-down device 200 is able to clamp the logic power supply 140 to 
5 ground without causing any component to overheat. In order to re-start the power supply 
105, the holding current must be removed from the shut-down device 200. For example, 
an operator may cycle a master power switch, or may unplug and then re-power the lamp 
100. 

Assuming both peaks of either the second or third voltage (discussed above and 
10 with reference to Figs. 4-6) are greater than the other voltage, then the larger peak-to-peak 
voltage charges the storage device 200. Only one set of components is required to sense 
both excessive ground-fault current and overvoltage. The storage device 190 stores or 
"records" the greater of the fault signals, and responds to the signal that exceeds a 
predetermined threshold. The elimination of components reduces circuit component cost, 
15 as well as the circuit board area. The latter of these advantages is especially significant for 
the single-sided trace-circuit boards typically used in gas-discharge lamps. 

For the embodiment shown, the sense winding 180 of the voltage sensor 185 
includes a common tap 175 with the current line of the current sensor 190. It is desirable 
to have the ground fault circuit cause a fault trip at the same RMS value of ground fault 

20 current regardless of whether the current is resistive or capacitive (whether the ground 
fault "load" looks like a capacitor or a resistor). However, these two GFI load type 
extremes create ground fault currents with very different waveshapes. Specifically, while 
the resistive case causes a ground fault current that is roughly sinusoidal, the capacitive 
case causes a current that is much more peaky and noisy. Capacitor C5, when installed, 

25 forms a low pass filter in conjunction with resistor R4. This filter is tuned to have a cut off 
frequency of roughly the output frequency of the power supply 105. This eliminates most 
of the harmonic content in the sensed current waveform, and allows the ground-fault- 
current sub-circuit to trip at roughly the same threshold for resistive and capacitive 
currents. 

30 The OVP/GFI circuit 1 15 is accurate because it uses a voltage proportional to the 

voltage driving the load 110 and uses the actual ground-fault current. It is inexpensive 
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since it combines the two circuits, resulting in the removal of redundant components. 
Additionally, the components used are all inexpensive, generic components. 

The OVP/GFI circuit shown includes a first voltage-doubler rectifier 205 (best 
shown in Fig. 2) including diodes Dl and D4, and a second voltage-doubler rectifier 210 
5 (best shown in Fig. 3) including diodes D2 and D3. As was explained above, the first and 
second voltage-doubler rectifiers 205 and 210 charge the same pair of capacitors CI and 
C2 of the storage device 195. Figure 4 shows a basic voltage-doubler rectifier 215. When 
an AC input voltage 220 is applied to capacitors CI 1 and C12 via diodes Dl and D3, 
capacitor Cll charges to the positive peak of the input voltage minus a diode drop, and 
10 capacitor C12 charges to the negative peak voltage minus a diode drop. Thus, the sum of 
the voltages on capacitors Cll and C12 is the peak-to-peak voltage of the incoming AC 
waveform minus two diode drops. If the magnitude of the incoming AC waveform is 
sufficiently large, the two diode drops become insignificant. 

Fig. 5 shows two voltage-doubler rectifiers 225 and 230 forming a dual voltage- 
15 doubler rectifier 235 with two separate corresponding AC input sources 240 and 245. The 
voltage-doubler rectifiers 225 and 230 charge the same pair of capacitors Cll and C12. 
As shown in Fig. 5, both input voltage sources are referenced to the same node in the 
circuit (i.e., the reference node). Capacitor CI 1 charges to the greater of the two positive 
incoming voltage values, and capacitor C12 charges to the greater of the two negative 
20 going incoming voltage values. If the two AC inputs represent two fault signals, 

capacitors CI 1 and C12 charge to and store the signal with the greater voltage. The 
magnitude of the lesser signal is irrelevant. Fig. 6 shows a pair of typical waveforms 250 
and 255 for the dual voltage-doubler rectifier 235. While sine waves are shown, the inputs 
need not be sinusoidal. Also, the two input waveforms need not be in phase; all that 
25 matters is the peak voltage values of the two input waveforms. When applying the 

waveforms 250 and 255 to the dual voltage-doubler rectifier 235, the capacitors CI 1 and 
C12 charge to the greater of the peak values of the waveforms 250 and 255. For the 
waveforms 250 and 255 shown in Fig. 6, the capacitors CI 1 and C12 charge to the peaks 
of waveform 250 . 

30 For the OVP/GFI circuit 1 1 5 shown in Fig. 1 , the voltage and current sensors 1 85 

and 190 form a single sensor (referred to as an overvoltage-condition-and-ground-fault- 
condition sensor) having a dual voltage-doubler rectifier 260. The dual voltage-doubler 
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rectifier 200 includes diodes Dl, D2, D3 and D4. The earth ground connection is the 
"signal source" for the GFI circuit and is referenced to the reference node 265. The dual 
voltage-doubler rectifier effectively isolates the sources of the two fault signals, and 
"records" the greater of the two fault signals without either affecting the other. 

5 The accuracy of the OVP/GFI circuit 1 15 is determined largely by the value of 

inexpensive 1% tolerance resistors R1-R4 and the accuracy of the diac D5 (and the fixed 
turns ratio of the transformer secondary and tap winding in the case of the OYP sub- 
circuit). Other factors have little impact on the trip setpoints. This is an improvement 
over typical fault circuits that include foil-tape-sensing elements. The size of the foil, 
1 0 temperature, and the dielectric constant of the potting material significantly effect foil- 
tape-sensing elements. 

The sensing side of the fault circuit is referenced roughly at earth ground potential. 
The circuit shutdown side is referenced at circuit common. There is a difference of 
roughly 170 volts DC between these two points. This requires some isolation between 

1 5 these two parts of the circuit. Some prior art fault circuits used a DC level shifter circuit 
between these two points. This is a disadvantage for certification agency testing. Agency 
safety test specifications mandate a maximum leakage current that is allowed to pass 
between earth ground and the power conductors (hot and neutral) when a specified high 
voltage is applied between them. Since circuit common is electrically connected to (not 

20 isolated from) the incoming power lines, electrical isolation is required between the fault 
circuit and circuit common. Surge testing places a high potential across this barrier, which 
requires over-sized and more expensive components when a DC level shifter is used. 
Alternately, coupling transformers are often used to bridge this barrier. All of these 
alternatives are considerably more expensive than the optocouplers used in the circuit of 

25 the invention. 

One potential problem with inexpensive optocouplers is that some minimum LED 
current is needed to ensure the signal is coupled to the opto-transistor. This may be a 
problem in a circuit that is powered entirely by a signal source. The diac D5 offers a 
significant advantage in this regard. The diac D5 presents a high impedance to capacitors 
30 CI and C2, while the capacitors CI and C2 are charging toward the fault threshold. Once 
the breakdown threshold of the diac D5 has been reached (i.e., the fault trip threshold), the 
diac D5 switches into conduction in a neeative-resistance fashion, and allows a large pulse 
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of current to flow through the LED of the optocoupler. This insures that the signal is 
reliably coupled to the other side of the circuit, regardless of how much the fault threshold 
is exceeded. Again, this lends accuracy to the OVP/GFI circuit 115. 

As can be seen from the above, the invention provides a new and useful gas- 
5 discharge lamp including a combination overvoltage-protection-and-ground-fault-interrupt 
circuit. Various features and advantages of the invention are set forth in the following 
claims. 
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CLAIMS 

1 . A gas-discharge lamp comprising: 

a power supply interconnectable to a load; and 

an overvoltage-protection-and-ground-fault-interrupt (OVP/GFI) circuit 
5 interconnected with the power supply, the OVP/GFI circuit including 

an overvoltage-protection (OVP) sub-circuit that deactivates the power 
supply when an overvoltage condition is detected, and 

a ground-fault-interrupt (GFI) sub-circuit that deactivates the power supply 
when a ground-fault condition is detected. 

10 

2. A gas discharge circuit as set forth in claim 1, wherein the OVP sub-circuit 
includes a voltage sensor, a storage device interconnected with the voltage sensor and a 
shut-down device interconnected with the storage device, and wherein the GFI sub-circuit 
includes a current sensor interconnected with the storage device and wherein the shut- 

15 down device is also interconnected with the storage device. 

3. A gas-discharge lamp as set forth in claim 2 wherein the power supply includes a 
transformer having a secondary winding and is operable to supply a first voltage to the 
load, wherein the voltage sensor generates a second voltage having a relationship to the 

20 first voltage, the second voltage having a first positive peak and a first negative peak, 

wherein the current sensor generates a third voltage having a relationship to a ground-fault 
current produced in the secondary winding, the third voltage having a second positive peak 
and a second negative peak, and wherein the storage device stores a fourth voltage, the 
fourth voltage being the combination of the larger of the first and second positive peaks 

25 and the larger of the first and second negative peaks. 

4. A gas-discharge circuit as set forth in claim 3 wherein the shut-down device 
receives the fourth voltage and deactivates the power supply if the fourth voltage is greater 
than a fault voltage. 



30 
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5. A gas-discharge lamp as set forth in claim 3 wherein the voltage sensor includes a 
sense winding mounted on the transformer and a voltage-doubler rectifier interconnected 
with the sense winding, and wherein the voltage-doubler rectifier produces the first 
voltage. 

5 

6. A gas-discharge lamp as set forth in claim 3 wherein the current sensor includes a 
winding tap interconnected to the secondary winding, a resistor interconnected to the 
winding tap, and a voltage-doubler rectifier interconnected to the resistor, and wherein the 
voltage-doubler rectifier produces the second voltage. 

10 

7. A gas-discharge lamp as set forth in claim 3 wherein the voltage sensor includes a 
sense winding mounted on the transformer, the sense winding having a winding tap 
interconnected with the secondary winding, and a first voltage-doubler rectifier 
interconnected with the sense winding, wherein the first voltage-doubler rectifier produces 

15 the second voltage, wherein the current sensor includes the winding tap, a resistor 

interconnected to the winding tap and a second voltage-doubler rectifier interconnected to 
the resistor, and wherein the second voltage-doubler rectifier produces the third voltage. 

8. A gas-discharge lamp as set forth in claim 7 wherein the sense winding includes a 
20 second tap interconnected with the secondary winding. 

9. A gas-discharge circuit as set forth in claim 2 wherein the shut-down device 
includes a diac, an opto-transistor interconnected to the diac, and a transistor 
interconnected with the opto-transistor. 

25 

10. A gas-discharge circuit as set forth in claim 2 wherein the shut-down device 
clamps the power supply from supplying power until power is removed from the power 
supply. 

30 11. A gas-discharge circuit as set forth in claim 2 wherein the shut-down device 
includes a diac and an opto-silicon-controlled rectifier interconnected to the diac. 
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12. A gas-discharge lamp as set forth in claim 2 wherein the power supply fiirther 
includes: 

a terminal interconnectable to an alternating-current (AC) power source that 
provides AC power; 

5 a rectifier that rectifies the AC power to create direct-current (DC) voltages; 

a logic power supply that receives the DC voltage and creates a bias voltage; and 
a driver circuit operable to receive the bias voltage and to produce a driving signal 
that drives the load with a voltage having a frequency. 

10 13 . A gas-discharge lamp as set forth in claim 12 wherein the shut-down circuit 

prevents the bias voltage from being applied to the driver circuit when a fault condition 
occurs. 



15 



14. A gas-discharge lamp as set forth in claim 1 wherein the load includes a gas- 
discharge tube. 
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15. A gas-discharge lamp comprising; 

a power supply including a secondary winding interconnectable to a load, the 
power supply being operable to supply power to the load; and 

an overvoltage-protection-and-groimd-fault-interrupt (OVP/GFI) circuit 
5 interconnected with the power supply, the OVP/GFI circuit including 

an overvoltage-condition-and-ground-fault-condition (OC/GFC) sensor that 
is operable to sense both an overvoltage condition being created by the power supply and a 
ground-fault condition being created in the secondary winding, and to generate a fault 
signal when either of the conditions occurs, and 
10 a shut-down device interconnected with the OC/GFC sensor, the shut-down 

device deactivates the power supply from supplying power to the load upon receiving the 
fault signal. 

16. A gas-discharge lamp as set forth in claim 15 wherein the load includes a gas- 
15 discharge tube. 

17. A gas-discharge lamp as set forth in claim 15 wherein the power supply further 
includes: 

a terminal intercoimectable to an alternating-current (AC) power source that 
20 provides AC power; 

a rectifier that rectifies the AC power to create a direct-current (DC) voltage; 
a logic power supply that receives the DC voltage and creates a bias voltage; and 
a driver circuit operable to receive the bias voltage and to produce a driving signal 
that drives the load with a voltage having a frequency. 

25 

18. A gas-discharge lamp as set forth in claim 1 7 wherein the shut-down circuit 
prevents the bias voltage from being applied to the driver circuit when a fault condition 
occurs. 

30 19. A gas discharge circuit as set forth in claim 15, wherein the OC/GFC sensor 
includes a dual voltage-doubler rectifier and a storage device. 
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20. A gas-discharge lamp as set forth in claim 19 wherein the power supply includes a 
transformer having a secondary winding, wherein the OC/GFC sensor includes a sense 
winding having a winding tap, and wherein the winding tap is interconnected with the 
secondary winding. 

5 

21. A gas-discharge lamp as set forth in claim 20 wherein the sense winding includes a 
second tap interconnected with the secondary winding. 

22. A gas-discharge circuit as set forth in claim 15 wherein the shut-down device 
10 includes a diac, an opto-transistor interconnected to the diac, and a transistor 

interconnected with the opto-transistor. 

23. A gas-discharge circuit as set forth in claim 15 wherein the shut-down device 
clamps the power supply from supplying power until power is removed from the power 

15 supply. 

24. A gas-discharge circuit as set forth in claim 1 5 wherein the shut-down device 
includes a diac and an opto-silicon-controlled rectifier interconnected to the diac. 
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